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An Equilibrium Model for the Combined Effect of Macromolecular
Crowding and Surface Adsorption on the Formation of Linear Protein
Fibrils
Travis Hoppe, Allen P. Minton.
NIH, Bethesda, MD, USA.
The formation of linear protein fibrils has been previously shown to be
enhanced by volume exclusion or crowding in the presence of a high concen-
tration of chemically inert protein or polymer, and by adsorption to membrane
surfaces. An equilibrium mesoscopic model for the combined effect of both
crowding and adsorption upon the fibrillation of a dilute tracer protein is pre-
sented. The model exhibits behavior that differs qualitatively from that
observed in the presence of crowding or adsorption alone. The model predicts
that in a crowded solution, there exist critical values of the volume fraction of
crowder or intrinsic energy of tracer-surface interaction about which the tracer
protein undergoes an extremely cooperative transition - approaching a step
function - between existing almost entirely as a slightly self-associated species
in solution and existing almost entirely as a highly self-associated and adsorbed
species.
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Aggregation of Claudins and Formation of Tight Junctions: A Coarse-
Grained Molecular Dynamics Study
Masoumeh Ozmaian.
University of illinois at chicago, Chicago, IL, USA.
Tight junctions are dynamic structures that consist of a number of membrane
proteins and their cytoplasmic counterparts. Claudins are one the major compo-
nents of tight junctions that control the transport of ions and small molecules in
paracellular pathways. The recently solved crystallographic structure of
claudin-15 shows a membrane protein consisting of four transmembrane heli-
ces (TM1-TM4) and a large extracellular domain (ESC). Claudin monomers
polymerize in membrane to form tight junction strands, which are connected
to similar strands in neighboring cells and glue two cells together. We have
used the structure of claudin-15 to investigate the polymerization and assembly
of claudins in lipid membranes with molecular dynamics simulations. The sim-
ulations revealed that the linear arrangement of claudins as observed in the
crystal is not stable in the membrane. Individual claudins rotate in the mem-
brane to form new contacts between TM3 and ECS resulting in a curved config-
uration with a diameter of 100A. To obtain more insight about the side-by-side
interaction of claudins in the membrane, 16 claudins were placed in a lipid
bilayer in a 4x4 matrix arrangement and their diffusion was studied in
coarse-grained simulations. In these simulations, claudins form linear configu-
rations consisting of 2-8 claudins stabilized by interactions between TM2 or
TM3 segments and ECS. These results show that the side-by-side interaction
of claudins in the membrane occurs through two interfaces. The presence of
two interaction surfaces might in fact be a key factor in stabilization of long
and flexible tight junction strands in the cell. In addition, head-to-head interac-
tion of claudins across two neighboring cells, which is essential for tight junc-
tion formation, was studied. In the presence of trans interactions, claudins show
a slower dynamics in each membrane and form shorter strands.
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Lateral Interactions Affect Cadherin Binding Kinetics and Function
Nitesh Shashikanth1, Meridith Kisting1, Deborah Leckband2.
1Biochemistry, University of Illinois Urbana Champaign, Urbana, IL, USA,
2Chemical and Biomolecular Engineering, University of Illinois Urbana
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Adhesion protein interactions between cell membranes (2D) are indispensable
for the formation and maintenance of tissues in multicellular organisms. How-
ever, binding and organization of membrane proteins within these interfaces is
not well understood at the molecular level. To address this question, we use
cell-cell adhesion proteins Cadherins as our model. Cadherins form adhesive
interactions by binding to identical proteins on opposite cells, but are also hy-
pothesized to form clusters on a single membrane. The protein-protein bonds
proposed to stabilize these ‘‘lateral’’ interactions were not detected in any
solution binding studies (3D), and their existence as well as their relevance
for establishing cell-cell junctions and transducing signals are not clearly
known. We investigated the relevance of these lateral interactions using quan-
titative micropipette measurements of cadherin-mediated cell-cell binding
kinetics. We found that classical E-cadherin exhibits kinetics that exhibit two
distinct kinetic processes. This ‘biphasic’ kinetics is not consistent with kinetic
models based on solution binding data, and suggested that one of the kinetic
steps might be due to clustering of the confined proteins. In support of this inter-
pretation, mutating the proposed lateral interaction sites eliminated the kinetic
step that we attributed to clustering. We also demonstrated the functional sig-nificance of this putative lateral clustering step, by quantifying the leakiness of
cell-cell junctions to macromolecules. Cell junctions formed by the cadherin
mutants were leakier than WT E-cadherin. Wound healing assays also showed
that cells expressing the mutants migrated faster than cells with WT protein.
Together, these data reveal that cadherins in ‘‘2D’’ environments undergo addi-
tional interactions than in solution, and these alter the assembly of intercellular
junctions. These findings might also be relevant to similar class of adhesion
proteins, like nectins and CAMs.Enzymes and Protein Dynamics I
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Active Role of the Substrate during Catalysis by the Therapeutic Enzyme
L-Asparaginase II
Juan M. Vanegas1, Andriy Anishkin2, David M. Rogers3, Sergei Sukharev2,
Susan B. Rempe1.
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Bacterial type II L-Asparaginases (ASPII) have been used for over four de-
cades to treat acute lymphoblastic leukemia, yet a full reaction mechanism re-
mains unknown. ASPII enzymes catalyze the deamidation of both asparagine
(Asn) and glutamine (Gln), which results in the formation of aspartate (Asp)
and glutamate (Glu) respectively, and the by-product ammonia. Proposed
ASPII mechanisms to date have yet to explain the absolute requirement of a
substrate a-carboxyl group, and clearly identify the role of the catalytic thre-
onines T12 and T89. Here, we study the reaction mechanism of asparagine
degradation by ASPII through ab initio molecular dynamics (MD) simula-
tions. We selected a reduced system from the substrate-bound enzyme ob-
tained by classical MD, and explore different initial reaction pathways by
driving the system in steered simulations. Our results show that direct nucle-
ophilic attack by T12 produces a highly unstable substrate-enzyme intermedi-
ate, as the stabilization provided by the nearby protons (i.e., the ‘‘oxyanion
hole’’) is insufficient to sustain the high energy state. We find that the
substrate-enzyme intermediate can be stabilized by first protonating the sub-
strate’s amide oxygen through the K162-T89 proton bridge. Furthermore,
the a-carboxyl of the substrate acts as a proton acceptor for the hydroxyl side-
chain of T12 during nucleophilic attack. We conclude by showing that a com-
plete deamidation mechanism may require a sequence of several nucleophilic
attacks by both T12 and T89, with K162 playing a critical role as a proton
buffer during the course of the reaction.
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Co and No Binding in Inducible Nitric Oxide Synthase
Michael Horn, Karin Nienhaus, G. Ulrich Nienhaus.
Applied Physics, Karlsruhe Institute of Technology, Karlsruhe, Germany.
Nitric oxide synthases (NOSs) are homodimeric heme enzymes that catalyze
the oxidative degradation of L-arginine (L-Arg) to nitric oxide (NO). Three
structurally similar isoforms have been identified in endothelial cells
(eNOS), neuronal tissues (nNOS) and in macrophages (iNOS). Different
from eNOS and nNOS, iNOS is not present in resting cells but is expressed
upon inflammatory and immunologic stimulation. As this isoform has been
implicated in the pathogenesis of various diseases, there is a growing need
for potent and highly selective inhibitors.
The targeted development of potent inhibitors that are highly specific for iNOS
requires detailed insights into the interaction between the ligand, the heme and
the surrounding protein matrix on the molecular level. Therefore, we have
investigated ligand and substrate binding in iNOSoxy using Fourier transform
infrared (FTIR) spectroscopy in combination with temperature derivative spec-
troscopy (TDS). The physiological ligand O2 was replaced by carbon monox-
ide (CO) and NO. Both CO and NO allow us to exploit their excellent
properties as spectroscopic probes. Previous studies on CO and NO migration
in myoglobin have shown distinct differences in CO and NO migration despite
their similar sizes.
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Intact Protein Analysis by Mass Spectrometry to Characterize the Trun-
cated Hemoglobin THB1 from Chlamydomonas Reinhardtii
Eric A. Johnson, Selena L. Rice, Juliette T. Lecomte.
Biophysics, Johns Hopkins University, Baltimore, MD, USA.
THB1 is one of twelve genes encoding hemoglobins in Chlamydomonas rein-
hardtii. Although previous work [1] has correlated the expression of THB1 to
nitrate metabolism through the NIT2 gene regulator, the exact function of
THB1 is unknown. Current work investigates possible enzymatic roles by
224a Monday, February 9, 2015examining the chemical and biophysical properties of recombinant THB1
(rTHB1) produced in E. coli as an apoprotein and recombined with a b
heme. The goal of the present work was to validate the use of rTHB1 as a sur-
rogate for the native protein. THB1 was partially purified from whole cell
extracts of C. reinhardtii by chromatographic methods. Enhanced chemilumi-
nescence staining and immunodetection of the protein mixture after native
gel electrophoresis showed that THB1 has peroxidase activity. Ultra per-
formance liquid chromatography and mass spectrometry confirmed the
association of the polypeptide with a b heme and revealed that THB1 is
N-terminally acetylated. Nanodrop analysis of the purified extracts returned
an optical spectrum consistent with that of recombinant ferric THB1. In addi-
tion, the mixture had nitric oxide dioxygenase activity, as observed for rTHB1
[1]. The combined information provides compelling evidence that THB1 uses
a b heme as cofactor and that the properties of rTHB1 are relevant to THB1 as
it is found within the living cell. The observation of a co-translational modi-
fication cautions against the sole use of sequence information to derive phys-
iological insight.
[1] Johnson et al. (2014) Biochemistry 53:4573
Supported by NSF grant MCB-1330488
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In Vitro Reconstitution of the Assimilatory Sulfite Reductase from Escher-
ichia Coli
Isabel Askenasy1, M. Elizabeth Stroupe1,2.
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The central step of sulfur assimilation in Escherichia coli, is catalyzed by the
enzyme Sulfite Reductase (SiR). This enzyme reduces sulfite (SO3-2) to sulfide
(S-2) in a six electrons transfer reaction. SiR is a multimeric enzymatic com-
plex formed by eight copies of the a-subunit (encoded by the gene cysJ), and
four copies of b-subunit (encoded by the gene cysI). NADPH acts as the elec-
tron donor that binds to the a-subunit a flavin-binding reductase. Electrons are
transfer to the flavin cofactors in the a-subunit to the sulfite that binds to the
b-subunit, a metalloprotein. In previous studies the catalytic activity of each
subunit has been independently characterized, but it is unclear how they
interact in the holoenzyme. Thus, to better study this system we aim to modify
each subunit independently and evaluate its effect in the context of the holoen-
zyme. To achieve that goal is necessary to develop a reconstitution protocol
that produce active and stable holoenzyme. Here we show the reconstitution
of the SiR complex in vitro, using a His-tagged b-subunit to pull down the
a-subunit, from pure protein preparations or cell lysates. The reconstituted
SiR is an active enzyme that shows the expected size for a a8b4 complex
and it shows the same spectral characteristics as native SiR. Additionally it
is highly stable in solution, which has been demonstrated by dynamic light scat-
tering (DLS) experiments.
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The Functions of the Proteins Encoded by the Cid and Lrg Operons in
S. Aureus
Xinyan Zhang1, Yanli Zhang1, Maria Podariu1, Kenneth Bayles2,
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Bacterial programmed cell death (PCD) is an emerging concept with implica-
tions in biofilm formation and acquiring of antibiotic resistance. The cid and lrg
operons have been shown to be important to PCD in S. aureus and this work
focuses on preparing and functionally characterizing proteins encoded by these
two operons. The cid operon encodes the CidA, CidB, and CidC proteins, with
CidA hypothesized to be a holin-like membrane protein and CidC a membrane-
bound pyruvate oxidase. The lrg operon encodes the two membrane proteins
LrgA and LrgB, with LrgA hypothesized to be an anti-holin membrane protein.
The exact roles of CidB and LrgB remain undetermined to date. Pure prepara-
tions of CidA or LrgA were reconstituted into synthetic lipid vesicles that
mimic the cellular membrane of S.aureus. A newly developed liposome
leakage assay confirms that CidA induces the formation of nanometer mem-
brane pores, while LrgA induces the formation of much smaller membrane
pores. Pure recombinant CidC was shown to bind flavin adenine dinucleotide
and to exhibit pyruvate oxidase activity in the presence of thiamine pyrophos-
phate. Ongoing studies include further liposome leakage assays to better define
the pores induced by CidA and LrgA, as well as any influence exterted by the
CidB and LrgB proteins. The interaction between Cid/Lrg membrane proteins
is also investigated by isothermal titration calorimetry. This research will eluci-
date the in vivo functions of the Cid/Lrg proteins and shed light on bacterial
programmed cell death.1125-Pos Board B76
Effects of Siroheme Occupancy in Escherichia Coli Assimilatory Sulfite
Reductase Hemoprotein
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Sulfur reduction is a fundamental biological process in most bacteria and
plants. As a model system we study the Escherichia coli assimilatory sulfite
reductase (aSiR), an ~800kD complex that catalyzes the concerted six-
electron reduction of sulfite (SO3
2) to biologically useful sulfide (S2). The
complex consists of alpha and beta subunits, the flavoprotein and hemoprotein
respectively. The active site lies in the hemoprotein subunit (SiRHP) that con-
tains a siroheme cofactor coupled to a 4Fe-4S cluster used to shuttle electrons to
the bound substrate.
To investigate the structural importance of siroheme in SiRHP, we removed the
cofactor by both mutagenic and auxotrophic methods. Electrophoretic mobility
shift assays, circular dichroism, and dynamic light scattering were used to char-
acterize changes in SiRHP lacking siroheme (apo SIRHP). In addition, the oc-
cupancy of the 4Fe-4S cluster was spectroscopically probed using an Ellman’s
reagent test. Apo SiRHP was found to exist as a tetramer instead of a monomer
and no longer contained the 4Fe-4S cluster. Additionally, the apo SiRHP
tetramer formed by the absence of siroheme was unable to bind the flavoprotein
subunit required for functional aSiR assembly. These results suggest a possible
mechanism for removing non-functional SiRHP subunits from the assembly
pool within the cell.
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Ligand-Binding and Substrate Turnover of a Heme Peroxidase from the
Diatom Thalassiosira Pseudonana
Max Echterling, Max Warburg, Katherine Frato.
Chemistry Department, Seattle University, Seattle, WA, USA.
Iron is sparingly soluble in water; therefore, iron-containing enzymes in marine
organisms such as diatoms must have critical physiological roles to justify the
use of such a precious resource. We have identified a putative heme peroxidase
of unknown function, Tp 21683, from the published genome of the model
diatom Thalassiosira pseudonana. Conserved domain analysis suggests Tp
21683 consists of an N-terminal kringle domain, likely involved in ligand bind-
ing and localization, and a C-terminal b-type heme peroxidase domain. To
dissect the function of the two domains of Tp 21683, we have optimized recom-
binant expression in Escherichia coli and subsequent refolding and purification
of the isolated kringle and peroxidase domains. We report preliminary studies
to identify the ligand-binding and peroxidase turnover properties of Tp 21683
toward a better understanding of the physiological role of peroxidases in dia-
toms. We show by intrinsic tryptophan fluorescence that unlike canonical krin-
gle domains from human plasminogen, the kringle domain of Tp 21683 does
not show measurable binding to lysine. However, the kringle domain appears
to bind to the oleic acid with a Kd of approximately 1 mM. The peroxidase
domain is able to turn over hydrogen peroxide using both the nonphysiological
electron donor ABTS and the aromatic compound guaiacol with kcat of approx-
imately 40 min-1 and 4 min-1, respectively. These data are the first analysis of a
recombinant peroxidase from a diatom, and provide a basis for further investi-
gation of the range of possible ligands and chemical reactions catalyzed by Tp
21683.
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Electron transfer between membrane spanning oxidoreductases crucially con-
trols vital metabolic processes. An important member of the oxidoreductase
superfamily, Cytochrome P450 Oxidoreductase is the canonical membrane
spanning activator of all microsomal (>50) P450 enzymes and involved in ste-
roid hormone biosynthesis, xenobiotic drug catabolism(1). The mechanism un-
derlying POR functional plasticity, its ability to select one out of a plethora of
